KDM4B-mediated epigenetic silencing of miRNA-615-5p augments RAB24 to facilitate malignancy of hepatoma cells

SUPPLEMENTARY MATERIALS AND METHODS
miRNA microarray analysis
The probes were resuspended in 3× saline sodium citrate (SSC) at a concentration of 50 mM and spotted onto MICROMAX Glass Slides SuperChipI (PerkinElmer, MA, USA) at 50~60% humidity with the SpotArray 24 Microarray Printing System (PerkinElmer). Each probe was spotted in triplicate. Small RNAs were labeled with Cy5 or Cy3 dye (Amersham Biosciences, Piscataway, NJ, USA) using the mirVana miRNA Labeling Kit (Ambion). After hybridization at 42°C overnight (12-16 h), the slides were washed with SSC and scanned with a ScanArray Express Microarray Scanner using ScanArray 3.0 software (PerkinElmer).
qRT-PCR and western blot
To detect the expression level of miR-615-5p, small RNA (2 μg) was reverse transcribed into cDNA using M-MLV reverse transcriptase (Promega, Madison, WI, USA) with the primers listed in Supplementary Table 3 . Both the mature miR-615-5p and the endogenous control U6 snRNA were amplified by PCR using this cDNA. Specific forward primers and a universal reverse primer were used as shown in Supplementary Table 3 . The PCRs were performed under following conditions: 94°C for 4 min, followed by 40 cycles of 94°C for 30 s, 56°C for 30 s, and 72°C for 30 s. These reactions were performed with SYBR Premix Ex Taq (TaKaRa, Otsu, Shiga, Japan) using the iQ5 Real-Time PCR Detection System (Bio-Rad).
To detect the relative levels of RAB24 transcripts, large RNA (5 μg) was reverse transcribed into cDNA using M-MLV reverse transcriptase (Promega, Madison, WI, USA). The RAB24 gene and the β-actin gene, which served as an endogenous control, were amplified from the cDNA using the primers shown in Supplementary Table  3 . Real-time PCR was performed as described above. The detection of KDM4B is the same with RAB24. The primers are shown in Supplementary Table 3 .
In western blot analysis, cultured cells were washed with PBS and lysed at 4°C for 30 min by RIPA Buffer. All collected proteins were resolved on a SDSdenaturing polyacrylamide gel and then transferred onto a nitrocellulose membrane. Membranes were incubated with blocking buffer for 2 hours at room temperature and then incubated overnight at 4°C with an anti-RAB24 (anti-ECadherin, anti-Vimentin, anti-ICAM-1, anti-β1-integrin) antibody or anti-glyceraldehyde phosphate dehydrogenase (GAPDH) antibody (Tianjin Saier Biotech, Tianjin, China) mixed in blocking buffer. Then the membranes were washed and incubated with a horseradish peroxidaseconjugated secondary antibody. Protein expression was assessed by enhanced chemiluminescence and exposure to chemiluminescent film. The band intensities were quantified by LabWorks image acquisition and analysis software (UVP, Upland, CA, USA). The protein level of the control group was defined as 1.
Construction of expression vectors
To construct the pcDNA3/pri-miR-615 (primiR-615) expression vector, we amplified a 266-bp DNA fragment carrying the miR-615-5p precursor from genomic DNA by PCR and inserted it into the pcDNA3 vector between the KpnI and EcoRI sites. We also commercially synthesized a 2'-O-methyl-modified antisense oligonucleotide (ASO-miR-615-5p) to inhibit the function of miR-615-5p.
To construct the enhanced green fluorescent protein (EGFP) reporter plasmid, the coding sequence of EGFP was subcloned into the pcDNA3.1 multiple cloning site to form the pcDNA3-EGFP vector. The wild-type and mutant forms of the RAB24 mRNA 3'UTR were amplified by PCR from a QGY-7703 cDNA library and subsequently inserted downstream of the EGFP stop codon between the BamHI and EcoRI sites.
The pSilencer/sh-RAB24 (siR-RAB24) vector was constructed by annealing the sense and antisense strands of encoding a hairpin RNA and inserting the fragment into the pSilencer2.1 neo vector (Ambion) between the BamHI and HindIII sites. To construct the RAB24 ectopic expression vector(without its 3'UTR), the coding sequence of RAB24 was amplified by PCR from a cDNA library derived from QGY-7703 cells and cloned into the pcDNA3 vector at the EcoRI and XhoI sites to form the RAB24 expression vector pcDNA3/RAB24(RAB24). The DNMT1, DNMT3a, KDM4A, KDM4B, KDM4C, KDM5A and KDM6A overexpression vectors were purchased from Addgene (Cambridge, MA, USA).
All insertions described above were verified by DNA sequencing. All the primers are shown in Supplementary  Table 4 .
Colony formation assay and cell adhesion assay
For the colony formation assay, QGY-7703 or HepG2 cells were counted and seeded in 12-well plates (in triplicate) after transfection at 200 or 800 cells per well, respectively. The culture medium was replaced every 3 days. Colonies were counted only if they contained more than 50 cells, and the number of colonies was counted either 7 days (QGY-7703 cells) or 15 days (HepG2 cells) after seeding. The colony formation rate was calculated using the following equation: colony formation rate = (number of colonies/number of seeded cells) × 100%.
For the cell adhesion assay, QGY-7703 (5×10 5 / well) or HepG2 (8×10 5 /well) cells were added into 96-well plates coated with Matrigel (0.2 mg/ml). At 30, 60, and 90 min after seeding the floating cells were removed by rinsing the wells with PBS. Then, MTT was added to each well, and the plates were incubated for 4 h. The absorbance at a wavelength of 570 nm was used to calculate the number of the adherent cells.
Cell cycle and apoptosis analysis
Transfected QGY-7703 cells were seeded in 6-well plates in duplicate for 24 h in complete culture solution. One group of cells was deprived of serum for 24 h before harvesting, while another group of cells was returned to complete medium for another 24 h before harvesting. Cells were gathered by centrifugation, fixed in 95% (V/V) ethanol. The DNA content of QGY-7703 cells was analyzed with FACS Calibur flow cytometer (BD Biosciences) and Cell Quest software (BD Biosciences). Before the analysis wash the cells with phosphate-buffered saline (PBS), resuspend them in propidium iodide (PI) staining buffer (PBS, 0.1% Triton X-100, 60 µg/ml PI, 0.1 mg/ml DNase-free RNase, and 0.1% trisodium citrate) for 30 minutes on ice.
The terminal deoxynucleotidyl transferasemediated dUTP nick end-labeling (TUNEL) assay was performed according to the instruction of the In-Situ Cell Death Detection Kit (Roche Diagnostics Corporation, Indianapolis, IN, USA). 5000 transfected QGY-7703 cells were planted into 14-well plates in triplicate. Then, treat the cells with 0.5 ppc paclitaxel for 1 h, fix them in paraformaldehyde (4% in PBS, pH 7.4), incubated the plates in permeabilization solution (0.1% TritonX-100 in 0.1% sodium citrate) for 2 minutes on ice, add 4μl of TUNEL reaction mixture (0.4μl of the enzyme solution and 3.6μl of the labeling solution) to each well, incubate the slide at 37°C for 1 h in the dark. After that, TUNEL reactions were performed follow the manufacturer's protocol. Fluorescence images were observed with a Nikon Digital sight DS-U1 scanning microscope (Nikon, Tokyo, Japan). 
Transwell migration and invasion assays
Vasculogenic mimicry formation assay
The vasculogenic mimicry (VM) experiments were performed just as follows. Matrigel (10 mg/ml, Clontech, Mountain View, CA) was placed at 4°C overnight to form a gel. Then, 40 µl of Matrigel was dispensed onto 24-well tissue culture plates and subsequently incubated at 37°C for 2 h for solidification. Then, 1.5×10 5 QGY-7703 cells were seeded onto the coated well 24 h after transfection. After growth for 24 h at 37°C, VM was assessed using an inverted microscope (OLYMPUS, Japan).
Fluorescent reporting assay for miRNA target identification
To confirm the direct interaction between miR-615-5p and RAB24 mRNA, EGFP reporter plasmid and pcDNA3-pri-miR-615, pcDNA3, ASO-miR-615-5p or ASO-NC were transiently cotransfected into QGY-7703 cells. The RFP expression vector pDsRed2-N1 (Clontech, Mountain View, CA) was used for normalization. The EGFP and RFP fluorescence levels were measured with an 
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